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Abstract 
The linear sequencing of PowerPoint slides does not always meet support from researchers; therefore presenting study material 
via graphic organizers on an infinite canvas seems to be an appealing alternative. This study explores the impact of these graphic 
organizers on learning in science classes in secondary education. An experiment was set up in a geography class in general-
oriented technical secondary education in Belgium. One teacher taught four class groups (n=77) on continental drift for three 
lessons of 50 minutes, and ended with a 10-minute presentation that reviewed the topic. In the two control class groups, this 
review was presented using slideware, which was in line with the guidelines of the Cognitive Theory of Multimedia Learning. In 
the two experimental class groups, the teacher presented an animated version of the review, which outlined the material via 
graphic organizers. Findings indicate that there is no significant difference in learning outcomes, self-efficacy, cognitive load and 
two motivational variables (attitude toward behaviour, intrinsic motivation), but the control version scored higher on perceived 
usefulness. 
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1. Introduction  
In secondary education computers and projectors are no longer confined to the IT room but have become part of 
the standard equipment of any classroom. With the introduction of these modern technologies into secondary 
schools (Paraskeva et al., 2006), teachers could be inclined to use short PowerPoint based presentations to convey 
information. This does not necessarily have to have discouraging effects, if these presentations are deployed 
efficiently. For instance, a great number of studies stress the importance of summarizing strategies for students 
(Marzano et al., 2001). To effectively summarize students should first be able to delete, substitute and keep certain 
information. Secondly, this information should be analysed at a fairly deep level, and finally, being aware of the 
explicit structure of information could significantly help to summarize information. For that reason, displaying the 
structure of information might support students in analysing a topic, and computer-based visualizations could be 
beneficial in this respect. To achieve this most teachers turn to PowerPoint due to the instant availability of this 
software on most computers. Lanham (2003) however claims that these computerized technologies such as 
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PowerPoint would urge people to look at rather than through these media. They draw attention to themselves rather 
than to the information they convey.  
The Cognitive Theory of Multimedia Learning (CTML) as developed by Mayer and his colleagues (2009) could 
be regarded as a response to Lanham’s insights. Building on the dual-channel and limited-capacity assumptions 
three kinds of cognitive processing during learning were derived: extraneous (related to the instructional design), 
essential (related to the learning material), and generative (related to the motivation). Per cognitive process a number 
of principles were formulated to decrease the cognitive load that students experience when studying learning 
material. In total, these 12 principles form a toolkit for educators and practitioners that gives ample background 
information to design computerized visualisations.  
Additionally, Manovich (2001) declared that the computer layer (e.g. computer language and data structure) and 
the culture layer (e.g. composition of information) influence each other. Accordingly, the interface of PowerPoint 
affects the way the structure of information is typically displayed, mostly resulting in a linear sequence of slides. 
This peculiar feature of PowerPoint (and other slideware) has already received much criticism from researchers (e.g. 
Farkas, 2009), but no other possibility could be provided. Certain professional software already allowed users to 
develop presentations on a single infinite canvas instead of using the traditional set of slides, but with the 
introduction of Prezi (N.N., 2010) this technology was made available to a wider audience. One can now group the 
visual elements into frames and zoom in and out on different objects. Moreover, Prezi encourages using graphic 
organizers (concept maps, mind mapping, non-linguistic representations) and these could be an alternative to the 
linear sequencing in most presentations. This is also a window of opportunity to revitalize the interest in graphic 
organizers, which are not frequently implemented in classrooms (Kinchin, 2001). 
There is an abundant amount of research on the positive impact of graphic organizers on learning (Nesbit & 
Adesope, 2006), but these studies mostly ask students to construct these non-linguistic representations (e.g. 
Karakuyu, 2011). When concept maps are applied in the design of e-learning materials, it can foster learning 
performance and computer self-efficacy (Shaw, 2010), but research on introducing graphic organizers in 
presentations is more limited. In addition, most papers use college students as participants in their experiments (e.g. 
Lambiotte & Dansereau, 1992), and not the low-knowledge but high-spatial learners mostly found in secondary 
education (Nesbit & Adesope, 2006). This last type of learners should benefit from the specific characteristics of 
graphic organizers. 
More specifically, sciences employ an iconic sign system (De Westelinck et al., 2005) and have visualisations 
(Kali & Linn, 2008) and argumentation deeply rooted into the study material. In science classes, these visual 
representations enable scientific meanings to be constructed and make meanings that no teacher or student can 
readily convey in a different mode of communication or in one mode alone. These visualisations would affect the 
shaping of knowledge in a positive way (Kress et al., 2010). Especially science teachers should therefore use graphic 
organizers in presentations during which they display the explicit structure of the information covered by previous 
classes.  
In previous research (Casteleyn et al., 2012) we experimentally examined the impact of graphic organizers in an 
e-lecture during a social science course at university. Two versions of the e-lecture were created, both were in line 
with the principles of CTML, but one version used non-linguistic representations to organize the information. 
Results showed that there was no significant difference in knowledge acquisition, cognitive load and self-efficacy, 
but the participants preferred the version with graphic organizers. Johnson & Christensen (2011) retrieved a similar 
result when they compared simplified, visually rich slides to more traditional presentation styles. No differences in 
learning outcomes could be detected, but students appreciated the simplified, visually rich slides to a higher extent. 
With this paper we want to study the impact of graphic organizers on learning outcomes and mediating variables 
(self-efficacy (e.g. Chularut & DeBacker, 2004), cognitive load and appreciation of the learning material) in the 
context of a science class in secondary education. 
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2. Research study 
2.1. Research hypotheses 
Rooted in the theoretical framework described above we formulate two research hypotheses: 
• compared to the condition without graphic organizers (NGOC), the condition with graphic organizers 
(GOC) will score significantly better regarding knowledge acquisition; 
• compared to the condition without graphic organizers (NGOC), the condition with graphic organizers 
(GOC) will score significantly better regarding motivational variables (attitude toward behaviour, 
perceived usefulness, and intrinsic motivation) and will yield significantly lower scores regarding 
cognitive load. 
 
2.2. Method 
In contrast with our previous research on the use of graphic organizers in presentations, we wanted to explore the 
research hypotheses in a real-life classroom setting, and therefore not under strict laboratory conditions. This would 
allow us to retrieve results that educators and practitioners could identify with, although the situation would also 
probably provide extra external factors potentially influencing the research design. To detect the impact of graphic 
organizers in presentations on learning, we developed two versions of a presentation in which the content 
(presentation items such as pictures and words) was identical but the design varied. Unlike other research (Asan, 
2007) we therefore did not compare presentations with graphic organizers to traditional oral reviews. 
2.2.1. Context & participants 
The experiment was part of a geography class taught to 4 different class groups of 6th year general-oriented 
technical education (n=77): 2 groups studying Social and Technical Sciences and 2 groups studying Nursing 
Youngsters and Disabled. Per study field one group was randomly assigned to a condition. The school is based in 
Ghent, the Dutch speaking part of Belgium. Geography is allocated 2 periods in the timetable (total 32 periods) of 
both groups, which results in geography being a subject of minor importance. Our experiment was scheduled mid-
February 2012. Consequently, students should share a nearly identical background knowledge concerning the topic 
and course.  
2.2.2. Material design 
The 10-minute presentation was planned at the end of a series of 3 lessons on continental drift. Some of the topics 
discussed were natural disasters such as earthquakes and tsunamis, evidence of the theory of continental drift, and 
the structure of the earth. Multiple (causal) relationships form the basic concepts of this subject, and for that reason 
graphic organizers should not be overly alienating when visualizing the essential information in the presentation. 
Moreover, these graphic organizers form a large part of the fundamental material to study. 
To guarantee that we only tested the impact of graphic organizers, the same words (130 words) and additional 
presentation items (4 pictures and 1 flash animation) were used. For both versions, a sans serif font was opted for, 
and when necessary, red colouring and bold text were chosen to give emphasis to words. As a consequence, the 
conditions were only different in their design. For the GOC version (see Fig. 1) the online presentation editor Prezi 
was used to organize the presentation via the so-called infinite canvas. Applying the principles of CTML, the NGOC 
version (see Fig. 2) arranged the words along a linear slide deck. This resulted in 21 ‘screen displays’ in the GOC 
version and 20 slides in the NGOC version. 
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Figure 1. The GOC version. 
 
 
Figure 2. The NGOC version. 
 
The presentations are also accessible online: 
• GOC version: http://prezi.com/mmtjwkdy2sqj/goc-version/ 
• NGOC version: http://www.slideshare.net/jordi013/ngoc-version 
 
2.2.3. Research instruments & procedure  
For this experiment, a classical pretest-posttest design was used, with the GOC version as the experimental 
sample, and the NGOC version as the control sample. Several research instruments were employed to measure the 
dependent variable (knowledge acquisition) and the mediating variables (self-efficacy, cognitive load, attitude 
toward behaviour, perceived usefulness, and intrinsic motivation).  
To determine knowledge acquisition, a new test was designed in collaboration with a panel of experts who 
reviewed and approved the test before first administration. This multiple choice test consisted of 10 items. For 
instance, “What is the cause of the continental drift? A. Climate change. B. Tsunamis. C. The structure of the earth. 
D. Change in fauna and flora.” The same test was used at both test moments. 
A new scale was created to test the self-efficacy related to the topic covered by the presentation (Lachman & 
Leff, 1989; Pajares, 1996; Pajares & Miller, 1995), namely continental drift. Eighteen items were developed that 
reflect the mastery of the conceptual knowledge and skills elements. For instance, “I can label the different 
components of the earth.” For each item participants were asked to give a score - on a scale of 0 to 100 -  to the 
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degree of which they feel certain they master this knowledge or skill item. A high reliability of this test could be 
detected (Cronbach’s alfa at test moment 1: .91; Cronbach’s alfa at test moment 2: .89). 
We based ourselves upon the work of Paas, Van Merriënbier and Adam (1994) to develop the scale for cognitive 
load. Students give a subjective report of perceived mental effort by indicating this on a scale from 0 (very easy) to 
100 (difficult). According to Paas (1992), the reliability of this scale is high (Cronbach’s alfa of .90 to .82). 
The scales for the motivational variables were rooted in the Technology Acceptance Model developed by Davis 
(1989; 1992) and Saade, Nebebe & Tan (2007). Their scales (attitude toward behaviour, perceived usefulness, and 
intrinsic motivation) were replicated in this research study. The items of the original scales were put in a random 
order, and participants were invited to give a score on a 5-point Likert scale. 
 
3. Results 
The experiment used 4 different class groups in which 77 students were officially registered. In total 73 students 
contributed to the results (t1: 66; t2: 70) but due to unforeseen internships and illness only 56 students attended both 
test moments and completed the questionnaire adequately. It was therefore decided to remove the incomplete entries 
from the pre-and post-test results in order to compare the dependent variable satisfactorily, but the scores at test 
moment 2 were kept for the mediating variables, because no comparison was needed in this respect. Consequently, 
there is a discrepancy in the numbers of participants used for the dependent variable and those used for the 
mediating variables (NGOC: 29 v. 38; GOC: 27 v. 32). Moreover, the scale used to measure the perceived cognitive 
load consisted of a single line scale to score, which did not always get the unnecessary attention from the 
participants (NGOC: 36 v. 38; GOC: 23 v. 32). 
 
3.1. Descriptive analysis  
Table 1 summarizes the descriptive statistics of the pre- (t1) to the post-test (2) knowledge gain, the pre- (t1) to 
post-test (t2) self-efficacy changes, cognitive load measures, and appreciation of the visual aid used (attitude 
towards behaviour, perceived usefulness and intrinsic motivation). 
 
3.1.1. Knowledge gain 
The pre-test results indicate that there was a difference in prior knowledge between conditions (NGOC: M=4.16, 
SD=1.44; GOC: M=5.01, SD=2.14), but this was not significant; t(54)=0.99, p = 0.32. It can therefore be suggested 
that both participants shared an almost identical background regarding the topic covered by the classes and that both 
groups were comparable. This analysis also shows that most students already master the subject to a relatively high 
degree, which could be expected, because the fundamental information of this subject was already hinted at during 
previous years. 
When we study the post-test results, we can detect that students from both conditions experienced a substantial 
knowledge gain (NGOC: M=1.35, SD=2.29; GOC: M=1.15, SD=22.28). Moreover, a hardly discernible difference 
between the two conditions can be reported (NGOC: M=5.51, SD=1.99; GOC: M=5.74, SD=2.09), but this proved 
to be insignificant: t(54)=0.064, p = 0.683. Both conditions have therefore scored a similar result concerning 
knowledge.  
 
3.1.2. Mediating variables 
Regarding self-efficacy, the NGOC condition scored slightly better at the pre-test. Although this difference 
appeared to be insignificant (t(54)=-1.869, p = 0.067), the score hints at a difference in self-efficacy between both 
conditions during the initial stage of the experiment. However, the post-test-results were identical (t(54)=0.064, p = 
0.949), and the same score could be retrieved for cognitive load. Both conditions perceived a similar degree of 
subjective mental effort (t(57)= 0.054, p = 0.957). 
463 Jordi Casteleyn and André Mottart /  Procedia - Social and Behavioral Sciences  69 ( 2012 )  458 – 466 
The other mediating variables focused on the participants’ appreciation of the visual aid used at the end of the 
class. Comparable to the previous results, both conditions attain a similar score concerning attitude toward 
behaviour (t(68)=0.065, p =0.949), but the GOC condition scores slightly better regarding intrinsic motivation, but 
this difference is not significant (t(68)=.918, p = .362). However, the NGOC condition obtains a higher score for 
perceived usefulness, and it can be suggested that this is a significant difference; t(68)=-1.874, p = 0.065.  
 
3.2. The differential impact on knowledge acquisition 
After having carried out an analysis of variance with the two conditions as factors, post-knowledge as the 
dependent variable, and the prior knowledge as a co-variate, we can confirm the results from the descriptive 
analysis. The GOC conditions scores better at the post-test results, but the difference is insignificant (F2 =1.458, p = 
.242).  
 
Table 1. Descriptive results. 
  Version without Graphic Organizers (NGOC) Version with Graphic Organizers 
(GOC) 
 
n M SD n M SD 
Knowledge  (t1) 29 4.16 1.44 27 5.01 2.14 
Knowledge (t2) 29 5.51 1.99 27 5.74 2.09 
Knowledge gain 29 1.35 2.29 27 1.15 2.28 
Self-efficacy (t1) 29 30.92 19.19 27 22.38 14.51 
Self-efficacy (t2) 29 54.81 13.97 27 55.08 16.60 
Change in self-efficacy 29 23.90 24.07 27 32.70 17.19 
       
Cognitive load  36 5.01 2.14 23 5.04 1.89 
Attitude toward behaviour 38 4.49 .64 32 4.50 .63 
Perceived usefulness 38 3.54 .77 32 3.19 .80 
Intrinsic motivation 38 3.58 .88 32 3.78 .96 
 
 
4. Discussion 
With this experiment we wanted to investigate if a presentation using graphic organizers could be more beneficial 
to students compared to a presentation that only embraces the guidelines of CTML. In our research design we also 
incorporated some variables that might have an impact on knowledge acquisition. We focused on presentations in 
science classes in secondary education. 
Studying the attained scores, several interesting results can be observed. First, both groups seem to have acquired 
an almost identical level of knowledge regarding the topic covered by the presentation. Obviously, the responsible 
teacher would see this as a positive result, but this also entails that the GOC version does not have a substantial 
impact on the students’ knowledge acquisition, nor that it has negative effects. Nevertheless, we had expected that 
our participants, who are supposed to have a low verbal proficiency, would have benefited more from the GOC 
version (cf. Nesbit & Adesope (2006)). However, in order to experience the full beneficial impact of those 
464   Jordi Casteleyn and André Mottart /  Procedia - Social and Behavioral Sciences  69 ( 2012 )  458 – 466 
preconstructed concept maps students preferably also need to have a low prior knowledge of the topic. This is not 
confirmed by our research results, but having zero background knowledge about a subject seems to be unrealistic in 
any type of education. Moreover, and according to us even more importantly, the limited duration of the 
presentation (only 10 minutes) might have been too short to yield notable findings. A longer presentation might have 
had a more significant impact, but in this case the experiment would have contradicted any good teaching method 
and consequently would have ignored the research premise to place this experiment in a real-life learning situation. 
Furthermore, this experiment did not look at any possible long-term effects, nor were students confronted with this 
type of presentations on a regular basis, which could have produced different results. 
In addition to the absence of difference in knowledge acquisition between both conditions, both groups scored a 
similar result for cognitive load. This almost identical level of subjective mental effort challenges the assumptions of 
the cognitive theory of multimedia learning. Compared to the linear slide deck of the GOC version, the graphic 
organizers display the structure and relationships between the items in the presentation, which should have 
significantly decreased the cognitive load of the students. However, the teachers in this school of general-oriented 
technical education do not often incorporate presentations during their classes to summarize the topic. This 
unfamiliarity with presentations might be so overwhelming that the students could not observe the only difference 
between the two versions, viz. the design of the presentation items. Another explanation might be that the 
participants are less acquainted with this specific mode of presentation and the animation that lies at the heart of it, 
therefore experience an increase in extraneous cognitive load in order to fully comprehend the information 
communicated by the GOC version (cf. Austin, 2009), but that the variable is finally lowered by the beneficial effect 
of graphic organizers.  
Concerning self-efficacy at the post-test moment, no difference between the two conditions could be discerned. 
There are ample studies indicating that graphic organizers have a positive impact on self-efficacy if learners develop 
these tools themselves, but it is yet unclear what their contribution to learning is when integrated in a presentation. 
Once more, the relatively short period of time might have been too limited to effect a statistically significant 
increase in self-efficacy. Furthermore, the GOC version might be more beneficial in long term when students also 
use this presentation to study the topic at home.  
With regard to the motivational variables, confusing results might be uncovered. On the one hand, there are no 
substantial differences with respect to attitude toward behaviour and intrinsic motivation, but on the other hand the 
NGOC version scores significantly better than the GOC version concerning perceived usefulness. First, the GOC 
version might have been perceived as not being a ‘real’ presentation, because the participants were not acquainted 
with presentations based on graphic organizers. The NGOC version however was designed on basis of the CTML 
guidelines and used a traditional slide deck. This recognisability might have lead to a higher score or perceived 
usefulness. Second, the participants might have been of the opinion that the GOC version was too intricate with its 
lines and circles compared to the straightforward NGOC version. It obviously required extra time to organize the 
GOC presentation. Perhaps the participants believed that the relatively small knowledge gain in both groups did not 
justify the means. 
When we compare the results from this experiment with those from our previous research, interesting similarities 
can be observed. Levels of self-efficacy and knowledge at post-test moment were also identical between the two 
conditions, and cognitive load was experienced to the same degree too. Accordingly, this paper confirms some of 
the findings of our previous research. The design of presentation items seems to have no large impact on knowledge 
gain and self-efficacy. However, the motivating variables show a different picture. The participants in the previous 
research (undergraduate students, 2nd year) appreciated to a higher extent the GOC version to the NGOC version, 
whereas this study yielded similar scores for attitude toward behaviour and intrinsic motivation but a higher score 
for the GOC version regarding perceived usefulness. It is safe to presume that the current academic educational 
climate with its emphasis on PowerPoint-based presentations (cf. Kahraman et al., 2011) lead the participants from 
the previous research to rate the GOC version more highly on all three mediating variables. This study’s participants 
are less confronted with this in general oriented technical education, and therefore appreciate it differently. It is 
therefore still uncertain how graphic organizers are generally perceived.  
Needless to say, there are limitations to this research. Placing this experiment in a real-world learning setting 
entails losing control over certain items of the research. There will have been differences in the presentations the 
teacher gave to the 4 class groups, which could have made the results of this study less precise, but other aspects 
such as generality confirm our determination to opt for an authentic setting for our experiment. Furthermore, recent 
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research (Wecker, 2012) makes a convincing plea for new research instruments to determine the cognitive load. In 
this respect, longer questionnaires or other valid scales might have shed a different light on the perceived mental 
effort to study the learning material presented in the presentation. 
 
5. Conclusion & implications 
Many educators and practitioners use presentations on a daily basis, but which type of visual aids should one 
employ? The Cognitive Theory of Multimedia Learning has already provided us with a number of easy-to-follow 
guidelines regarding this, but these are limited to the single slide. If technology opens up this slide to an infinite 
canvas, and one can place the presentation items on this, it becomes less clear which principles to take into account. 
On the one hand, evidence-based literature about graphic organizers has demonstrated its positive impact on 
learning when students are asked to construct them. On the other hand, based on the findings of this paper there is 
no clear indication that graphic organizers as delivered via presentation software can positively affect learning 
outcome, self-efficacy, perceived mental effort and appreciation of the learning material. Our previous research and 
this paper’s findings suggest that the impact depends on the educational context. Students who are familiar with 
presentations probably prefer the version with graphic organizers to the traditional deck of slides. This novelty effect 
(Burke 2008) is possibly absent with lesser experienced students, who would question the usefulness of these 
elaborately designed presentations. 
Further research could change the real-life learning setting of this experiment to a more laboratory-like situation 
to closely detect the impact of graphic organizers on students from secondary education. Furthermore, it might be 
interesting to examine the impact of graphic organizers on students’ performance and self-efficacy when they 
themselves employ these to deliver a presentation. 
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